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57 ABSTRACT 
An improved solid-state fluorescent lamp ballast circuit 
in which rectified line voltage is chopped, utilizing high 
power field effect transistors, to provide a high fre 
quency input to a fluorescent lamp, thus permitting 
smaller reactive components to be utilized. Also shown 
is circuitry whereby the duty cycle of the chopping 
switches may be modulated to permit dimming of the 
lamp, which may be remotely located. 

12 Clains, 6 Drawing Figures 
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SOLID-STATE FLUORESCIENT LAMP BALLAST 

BACKGROUND OF THE INVENTION 

This invention relates to fluorescent lamps in general 
and more particularly to an improved solid-state fluo 
rescent lamp ballast circuit. 

Fluorescent lamps are gaseous discharge devices, and 
therefore typically exhibit a negative resistance charac 
teristic during ionization. Ionization is due to the colli 
sion of electrons with the gas molecules contained 
within the lamp. The more current present in the arc, 
the lower the effective resistance of the lamp. Gener 
ally, a current limiting element must be introduced into 
the circuitry to prevent the lamp from ultimately de 
stroying itself. The source of electrons for ionization is 
typically a cathode located in each end of the tube. 
Fluorescent lamps may be started without cathode pre 
heat by increasing the applied lamp voltage until the 
free electrons are sufficiently accelerated to produce 
the energy required to ionize the gas. These voltage 
requirements are fairly high, dependent upon both the 
tube type and the operating frequency of the system. 
However, the starting voltage may be supplied from a 
reasonably low energy source, such as a high voltage 
pulse amplifier. Known current limiting and starting 
ballast functions usually consist of an inductive ballast 
designed for a particular gaseous discharge tube. 
Most known inductive ballasts utilize some type of 

auto transformer configuration to provide the current 
limiting reactance and high voltage necessary to cause 
ionization. The light output, life and starting reliability 
of a particular fluorescent lamp depend upon the design 
of the ballast. Therefore, the size, weight and reliability 
of fluorescent lamp ballasts become very important 
factors in optimizing the total system efficiency. 

Recently, there have been attempts to employ solid 
state components for gaseous discharge to ballasts due 
to the possibility of achieving increased reliability with 
attendant decreases in the size and weight of such bal 
lasts. Most solid-state ballast circuits utilize some form 
of semiconductor inverter circuitry to provide a sepa 
rate frequency source, independent from the sixty cycle 
line frequency for driving the gaseous discharge to. 
Various types of semiconductor inverter circuits have 
been proposed, most of which utilized two or more 
power switching devices, normally power transistors, 
and one or more transformers to complete the DC to 
AC conversion function. One disadvantage of such an 
approach is the cost and size of the components neces 
sary to provide the large amount of power utilized by 
known power transistors. 
An example of an attempt to employ solid-state com 

ponents in a ballast circuit for a gaseous discharge lamp 
may be seen in U.S. Pat. No. 3,896,336, issued to Max. 
P. Schreiner and Tom M. Hyltin. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
an improved solid-state fluorescent lamp ballast circuit. 

It is another object of this invention to provide an 
improved solid-state fluorescent lamp ballast circuit 
which utilizes switching circuits which require low 
input currents. 

It is yet another object of this invention to provide a 
dimmable solid-state fluorescent lamp ballast circuit. 

It is another object of the invention to provide a 
dimmable solid-state fluorescent lamp ballast in which 
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2 
the dimming control may be remotely located from the 
ballast circuit. 
The foregoing objects are achieved as is now de 

scribed. Line voltage is rectified and then chopped to 
provide a high frequency input to a fluorescent lamp. In 
a preferred embodiment, the chopping switches are 
implemented utilizing high power vertical metal oxide 
semiconductor field effect transistors. In alternate em 
bodiments which utilize non-polar switching devices to 
implement the chopping switches, the line voltage may 
be applied directly without rectification. Two of the 
four chopping switches are controlled utilizing comple 
mentary pulse trains. The two remaining chopping 
switches are controlled utilizing a pulse with modulated 
pulse trains, thereby controlling the amount of power 
applied to the fluorescent lamp. In this manner, a fluo 
rescent lamp may be effectively dimmed. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The novel features believed characteristic of the in 

vention are set forth in the appended claims. The inven 
tion itself; however, as well as a preferred mode of use, 
further objects and advantages thereof, will best be 
understood by reference to the following detailed de 
scription of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 
FIG. 1 is a basic block diagram of the solid-state 

ballast system of the present invention; 
FIG. 2 is a block diagram useful in understanding the 

operation of the chopping switches of the present inven 
tion; 
FIG. 3 is a circuit diagram of the solid-state ballast 

circuit of the present invention; 
FIG. 4 is a schematic representation of the circuitry 

within the control integrated circuit of FIG. 3; 
FIG. 5 is a timing diagram associated with FIG. 4; 
FIG. 6 is an operating diagram relating several oper 

ating parameters to the operation of the lamp dimmer 
circuit of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference now to the Figures, and in particular 
FIG. , there is depicted a basic block diagram of the 
solid-state lamp ballast system of the present invention. 

Line voltage is applied to a full wave rectifier 12 and 
to control circuit power supply 14. Control circuit 
power supply 14 may be a power supply of known 
construction employing rectifiers, filters and voltage 
regulators, or power supply 14 may simply be an ad 
junct to full wave rectifier 12. 
The output of control circuit power supply 14 is 

utilized to provide operating voltage to control circuit 
16, and the output of full wave rectifier 12 is applied to 
toggle circuit 18. Toggle circuit 18 may comprise a 
plurality of switch-type devices capable of controlling 
the voltages present in such circuitry, and is utilized to 
"chop' the input voltage at a frequency significantly 
higher than typical line voltage frequencies. Control 
circuit 16 will typically include an oscillator circuit 
which may be utilized to control the operation of the 
switch-type devices within toggle circuit 18. 
The output of toggle circuit 18 is applied to a heater 

and firing circuit 20, which applies an output to heaters 
22 and 24 of fluorescent lamp 26. 
A further understanding of the circuitry of FIG. 1 

may be obtained with reference to FIG. 2, wherein a 
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more detailed block diagram of toggle circuit 18 is de 
picted, along with certain waveforms present in the 
circuit. 
The full wave rectified line voltage 28 is depicted and 

is applied across input lines 30 and 32. Input lines 30 and 
32 apply the voltage wave form 28 to power switches 
34, 36, 38 and 40. Each of the power switches depicted 
may be controlled by the application of a pulse gener 
ated by control circuit 16 of FIG. 1. 

Control circuit 16 of FIG. 1 develops two types of 
pulse trains. The first pulse train is utilized to control 
power switches 34 and 36. Switch 34 and switch 36 are 
operated by the first pulse train, designated as clock 
pulse train A, and the complement of pulse train A 
designated clock pulse train B. In this manner, power 
switch 34 will conduct and power switch 36 will be 
open during one-half of the cycle and the reverse will 
be true during the remaining half cycle. 
A second type of pulse train is utilized to control 

power switches 38 and 40. As with power switches 34 
and 36, the pulse train utilized to control power 
switches 38 and 40 is calculated to ensure that both 
switches do not conduct simultaneously. Further, it is 
necessary to ensure that power switch 38 does not con 
duct simultaneously with power switch 34 and that 
power switch 40 does not conduct simultaneously with 
power switch 36, in order to prevent damage to the 
circuitry. 

In actual operation, it is preferable to ensure that 
power switch 40 conducts only during that period of 
time that power switch 34 conducts and similarly for 
power switches 38 and 36. In such cases, the voltage 
waveform present on output lines 42 and 44 will be as 
depicted in FIG. 2 the waveform designated 46. 

In alternate embodiments, where less power is to be 
applied to a fluorescent lamp, as when dimming is de 
sired, the pulse trains utilized to control power switches 
38 and 40 may be pulsewidth modulated to shorten 
those periods of time during which power will be avail 
able on output lines 42 and 44. The actual circuitry and 
method of modulating the control pulse train will be 
explained in greater detail herein. 
With reference now to FIG. 3, there is depicted a 

schematic diagram of the circuitry of the solid-state 
ballast of the present invention. A diode bridge is 
formed utilizing diodes 48, 50, 52 and 54. Line voltage 
is rectified and then applied across switches 64, 66, 68 
and 70. The filter formed by inductor 62 and capacitors 
56 and 58 is utilized to prevent the high frequency 
switching signal from coupling back into the line supply 
voltage. 

In a preferred embodiment, switches 64, 66, 68 and 70 
are high power vertical MOS type field effect transis 
tors (VMOS). VMOS transistors have significant tech 
nical advantages over previously utilized devices. Un 
like triacs, silicon controlled rectifiers or gate turn-off 
devices, VMOS transistors are nonlatching. That is, 
when the input drive goes to zero volts, the device will 
reliably turn off. This characteristic is extremely impor 
tant in view of the disastrous effect which will result if 
a switch remains closed and thereby shorts out the line 
voltage supply. 

Further, since VMOS transistors are voltage control 
devices, rather than current driven as most conven 
tional bipolar technology devices are, only a small 
power supply is necessary to operate the switches. 
While VMOS transistors have excellent power han 

dling capabilities, rapid switching and lack many of the 
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4. 
power effects which reduce the efficiency of bipolar 
devices, those skilled in the art will appreciate, how 
ever, that certain of the aspects of this invention may be 
implemented utilizing alternate switching devices. Spe 
cifically, switches 64, 66, 68 and 70 may be imple 
mented, in alternate embodiments of the present inven 
tion, utilizing triacs, silicon controlled rectifiers, gate 
controlled switches, regenerative bistable latch type 
devices, bipolar transistors or Darlington pair transis 
tors, and still derive the benefit of other aspects of the 
present invention, as disclosed herein. 

Referring again to FIG. 3, there is depicted in block 
form, integrated control circuit 72. Control circuit 72, 
in a preferred embodiment, may be integrated upon a 
single semiconductive substrate, utilizing any known 
process. One version of the circuitry contained within 
integrated control circuit 72 is depicted in detail within 
FIG. 4. 
Control circuit 72 is utilized to control the operation 

of switches 64, 66, 68 and 70. It should be apparent to 
those skilled in the art that power will be applied to 
both fluorescent lamp 84 and fluorescent lamp 86, dur 
ing those periods of time that both switch 64 and switch 
70 are conducting or those periods that both switch 66 
and switch 68 are conducting. 

Referring briefly to FIG. 5, there is depicted a series 
of voltage waveforms which will aid in an understand 
ing of the circuitry of the present invention. Control 
circuit 72 will operate switches 64 and 66 by means of 
transformer primary 74. The individual gates of 
switches 64 and 66 are each coupled to a separate sec 
ondary of transformer 74, labeled 74a and 74b. Trans 
former secondaries 74a and 74b are of opposite polarity, 
and thus switch 64 will conduct when switch 66 is off 
and switch 66 will conduct while switch 64 is off. The 
gate to source voltage waveforms of switches 64 and 66 
are depicted in FIG. 5. 

Control circuit 72 controls switches 68 and 70 with a 
variable duty cycle pulse train as depicted in FIG. 5. 
Both switches 68 and switch 70 may be turned on for a 
variable percentage of the time that switch 66 and 
switch 64 are conducting. Both the maximum and mini 
mum pulsewidths for switches 68 and 70 are depicted in 
FIG. 5. The maximum pulsewidth utilized to control 
switches 68 and 70 as depicted, is narrower than the 
pulsewidth employed to operate switches 64 and 66. 
This "guard band' on either side of the maximum pulse 
widths utilized to control switches 68 and 70 ensures 
that a short circuit across the rectifier circuit will not 
occur. By varying the width of the "on' pulse applied 
to switches 68 and 70, between the minimum and maxi 
mum pulse-widths depicted, the amount of power to 
each lamp, and therefore the amount of brightness of 
each lamp, may be conveniently varied. 

Inductors 76 and 78 and capacitors 80 and 82 form a 
tuned circuit, at the frequency of the chopped voltage 
waveform that is ultimately applied to lamps 84 and 86. 
In a manner well known in the electronics art, these 
components are utilized to further increase the voltage 
applied to lamps 84 and 86. It should be appreciated that 
as a result of the operation of switches 64 and 66 at a 
sufficiently high frequency, such as ten kilohertz, the 
reactive components utilized in the depicted circuit may 
be of substantially smaller values than those utilized 
with known sixty hertz systems. Further, those skilled 
in the art will also appreciate that while the circuit 
depicted in FIG. 3 shows two fluorescent lamps, the 
advantages of this invention will find application in 



4,388,563 
S 

single lamp circuits, or in circuits which utilize more 
than two lamps. 

Referring now to FIG. 4, there is depicted, utilizing 
discrete components, the circuitry of integrated control 
circuit 72 of FIG. 3. While discrete components are 
utilized for the purpose of explanation, those ordinarily 
skilled in the art will appreciate that the entire depicted 
circuit of FIG. 4 may be easily reduced to a single inte 
grated circuit, in view of the state of the art of large 
scale integration. 
A high frequency oscillator circuit is formed utilizing 

inverters 90,92 and 94, capacitor 96 and resistors 98 and 
100. Resistor 100 is, in a preferred embodiment, a vari 
able resistor which may be utilized to adjust the fre 
quency of the oscillator so formed. In the disclosed 
embodiment, the values of the depicted components 
were selected to result in a basic oscillator frequency of 
approximately 200 kilohertz. 
An output of the oscillator circuit, at the output of 

inverter 90, is applied to counter 102. Counter 102 is a 
five stage, divide-by-ten Johnson counter with ten de 
coded outputs and a carry out bit. The carry out bit is 
coupled to a set/reset flip-flop 104, where it is utilized 
to change the state of flip-flop 104. Thus, the output of 
flip-flop 104 will change states every ten cycles of the 
basic oscillator, and the resultant frequency will be one 
twentieth of the basic oscillator frequency, or approxi 
mately 10 kilohertz. 
The output of flip-flop 104, on lines 106 and 108, is 

applied to transformer primary 74 of FIG. 3, in order to 
control switches 64 and 68, and provide the pulse train 
depicted in FIG. 5. 
As the input to counter 102 clocks through counter 

102, it is utilized in several ways. The "zero' output is 
applied to counter 110, through gate 112 and is utilized, 
in a manner explained in detail below, to ensure proper 
startup upon energization of the lamp circuit. 
The "one" output of counter 102 is coupled to the 

trigger input of monostable multivibrator 114, which is 
utilized to provide the variable duty cycle pulse train 
which controls switches 68 and 70 of FIG. 3. The out 
put of monostable multivibrator 114 is applied to gates 
116 and 118. The output of monostable multivibrator 
114 is NOR'ed with the outputs of flip-flop 104, and will 
result in a pulse which is coupled to either switch 68 or 
switch 70. It should be noted that the delay encountered 
between the "zero' output of counter 102 and the "one' 
output of counter 102 will serve as the "guard band' 
previously discussed. 
Assuming that no dimming is desired, the status of 

monostable multivibrator 114 will not change until the 
pulse present in counter 102 has propagated down to 
the "nine' output of counter 102. The "nine' output of 
counter 102 is coupled, via gate 120 and inverter 122, to 
the reset input of monostable multivibrator 114. Thus, 
during maximum application of power, a "guard band' 
will also be present at the end of the pulse applied to 
switches 68 and 70, due to the delay between the "nine' 
output and the carry out bit. 
The solid-state fluorescent ballast circuit of the pres 

ent invention may be utilized to dim a fluorescent lamp 
by varying the duty cycle of the pulse train applied to 
switches 68 and 70. This is accomplished, in the dis 
closed embodiment, by resetting monostable multivi 
brator 114 prior to the coupling of the "nine' output 
from counter 102. When monostable multivibrator 114 
is triggered, capacitor 124 will begin to charge to VDD 
state, through resistor 126. By varying resistor 126, the 
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6 
RC time constant of the resultant circuit may be ad 
justed to vary the duty cycle of monostable multivibra 
tor 114. A distinct advantage of the disclosed method of 
dimming a fluorescent lamp is that resistor 126 may be 
easily remotely located from the lamp and ballast cir 
cuit. 

In order to protect the fluorescent lamp circuitry 
from the deleterious effects of high current, prior to the 
application of heater current, additional circuitry is 
utilized during initial start up. The "zero' output of 
counter 102 is utilized to start counter 110. Counter 110 
is a fourteen stage ripple carry binary counter that is 
utilized to control circuit component 132. 

Circuit component 132 is an eight channel analog 
multiplexer which has three binary control inputs, la 
belled A, B and C, in FIG. 4. The three control inputs 
are utilized to select which input will be coupled to the 
output, through gate 120 and inverter 122, to the next 
input of flip-flop. 114. Thus, as counter 132 counts, 
changing the signal applied to the control inputs of 
component 132, the output of counter 102 may be cou 
pled to monostable multivibrator 114 from the 'two' 
output through the "eight' output. 

Indeed, by careful selection of the control inputs to 
component 132, it is possible to ensure that upon initial 
energization of the lamp circuit, a minimum duty cycle 
pulse train will be applied to switches 68 and 70, and 
that the duty cycle will be increased with time, as heater 
current is applied to each lamp. Additionally, as counter 
110 reaches its maximum count, and the "warm up' 
phase is through, another output of counter 110 may be 
utilized to inhibit the operation of component 132. At 
that point, monostable multivibrator 114 will be trig 
gered by the "one' output of counter 102 and reset by 
the "nine' output, or by the change build-up on capaci 
tor 124, if dimming is desired. 

Finally, the circuitry of FIG. 4 may be conveniently 
initialized utilizing the application of voltage. As VDDis 
applied to the circuit, the junction of capacitor 134 and 
resistor 136 will approach VDD (as limited by Zener 
diode 138). This voltage will cause the output of in 
verter 140 to go "low" and the output of inverter 142 to 
go "high.” The output of inverter 142 is coupled to 
most of the circuitry of FIG. 4, assuring initialization 
until the voltage present between capacitor 134 and 
resistor 136 leaks off, reversing the outputs of inverters 
140 and 142, and allowing the circuit to operate. 

Referring now to FIG. 6, an experimentally derived 
graph of the operating characteristics of the solid-state 
lamp ballast circuit of the present invention are de 
picted. It should be noted that a dimming ratio of eight 
to one is possible with the disclosed circuit. Further, the 
heater current rises slightly as the lamp is dimmed. 
Those skilled in this art will appreciate that this is a 
desirable feature. 
Although the invention has been described with ref. 

erence to a specific embodiment, this description is not 
meant to be construed in a limiting sense. Various modi 
fications of the disclosed embodiment as well as alterna 
tive embodiments of the invention will become appar 
ent to persons skilled in the art upon reference to the 
description of the invention. It is therefore contem 
plated that the appended claims will cover any such 
modifications or embodiments that fall within the true 
scope of the invention. 
What is claimed is: 
1. A solid-state dimmable fluorescent lamp ballast 

circuit comprising: 
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rectification means for supplying a unipolar electrical 
voltage; 

a first switch adapted to couple a first side of the 
output of said rectification means to one side of a 
gaseous discharge lamp; 

a second switch adapted to couple said first side of 
the output of said rectification means to the other 
side of a gaseous discharge lamp; 

a third switch adapted to couple a second side of the 
output of said rectification means to said one side of 
a gaseous discharge lamp; 

a fourth switch adapted to couple said second side of 
the output of the said rectification means to said 
other side of a gaseous discharge lamp; 

control means for providing first and second comple 
mentary pulse trains and third and fourth variable 
duty cycle pulse trains, said first pulse train being 
coupled to said first switch, said second pulse train 
being coupled to said second switch, said third 
pulse train being coupled to said third switch and 
said fourth pulse train being coupled to said fourth 
switch wherein said fourth switch is closed for a 
variable percentage of the time said first switch is 
closed and said third switch is closed for a variable 
percentage of the time said second switch is closed, 
said control means comprising: 
oscillator means for providing an output having a 

first frequency; 
multiple stage divider means coupled to said oscil 

lator means for providing an output at a second 
frequency; 

first means coupled to the output of said multiple 
stage divider for providing said first and second 
pulse trains; 

second means selectively coupled to at least one 
intermediate stage of said multiple stage divider 
for providing said third and fourth pulse trains; 
and 

means for varying the duty cycle of third and 
fourth pulse trains. 

2. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said first, second, 
third and fourth switches comprise metal oxide semi 
conductor field effect transistors. 
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8 
3. The solid-state dimmable fluorescent lamp ballast 

circuit according to claim 1 wherein said first, second, 
third and fourth switches comprise gate controlled 
switches. 

4. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said first, second, 
third and fourth switches comprise regenerative bista 
ble latch type devices. 

5. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said first, second, 
third and fourth switches comprise transistors. 

6. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein each of said first, 
second, third and fourth switches comprises a Darling 
ton pair of transistors. 

7. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said first and sec 
ond switches comprise gate controlled switches and 
said third and fourth switches comprise transistors. 

8. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said first and sec 
ond switches comprise regenerative bistable latch type 
devices and said third and fourth switches comprise 
transistors. 

9. The solid state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said rectification 
means comprises a full wave rectifier. 

10. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 further including reactive 
means coupling said switches and said gaseous dis 
charge lamp. 

11. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 10 wherein said reactive 
means comprises an inductor selected to limit current 
flow into said gaseous discharge lamp and further in 
cludes a capacitor shunted across said gaseous dis 
charge lamp, said capacitor selected to form a tuned 
circuit with said inductor. 

12. The solid-state dimmable fluorescent lamp ballast 
circuit according to claim 1 wherein said means for 
varying the duty cycle of said third and fourth pulse 
trains is located remotely from said first, second, third 
and fourth switches. 
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